more, this study investigates the mediating role of environmental control between environmental satisfaction, communication, and psychological stress.
OFFICE ERGONOMICS TRAINING INTERVENTIONS
Office ergonomics training programs designed to provide employees with knowledge and skills regarding the effective use of their office facilities, workstation features, and ergonomics principles may contribute to improved work flow, worker effectiveness, and worker health (O'Neill, 1998; Robertson & O'Neill, 1999) . Office ergonomics training has been shown to increase knowledge and effective use of employees' work spaces, to reduce stress and discomfort, and to increase performance (Brisson, Montreuil, & Punnett, 1999; Dortch & Trombly, 1990; Green & Briggs, 1989; Gross & Fuchs, 1990; Kukkonen, Luopajarvi, & Riihimaki, 1983; Robertson, 1994; Verbeek, 1991) . Verbeek (1991) implemented a training program in the use of adjustable furniture and found that it significantly improved user posture when compared with an untrained group. Providing employees with adjustable furniture alone, however, does not prevent the onset of discomfort and stress. Green and Briggs (1989) found that employees who suffered injuries used the same equipment as nonsufferers but expressed greater discomfort and dissatisfaction with the new furniture. Sufferers adopted more awkward postures than nonsufferers, postures that these researchers attributed to a lack of training and knowledge.
In one field intervention study with knowledge workers, an office ergonomics training program increased workers' knowledge and skills (Robertson et al., 2002) . Moreover, these effects translated into behavioral changes such as rearranging work spaces, adjusting furniture, and changing computing work habits. The trained groups also exhibited lower musculoskeletal risk factors than did the control group. Additionally, office ergonomics training programs can assist in ensuring that both managers and employees fully understand and participate in the workplace ergonomics program (Luopajarvi, 1987) .
JOB CONTROL
One job characteristic widely thought to influence performance, stress, and health is the amount of control the worker has over the job. This concept is known as job control. An important component of job control is decision latitude, which is the degree of freedom the worker has to make decisions about how to do the job. The demand-control model, originally conceptualized by Karasek (1979) , incorporates this notion of job control. The demand-control model suggests that demand, which is the psychological demands of a particular job (how hard you have to work) coupled with the level of job control, can predict worker stress and health. This model further suggests an interaction effect between job demands and control on worker health, negatively affecting worker stress and health. For example, the model predicts that fatigue, anxiety, and physical illness are more likely to occur when psychological demands of a job are high and job control is low (Karasek & Theorell, 1990) .
Job control and work pressure have been further examined in occupational stress literature as important sources of strain in various occupations (Frese, 1989; Karasek, 1979; Spector, 1986) . A substantial amount of research has linked job control with factors such as performance (Glass, Singer, & Pennebaker, 1977) , stress (Landsbergis, 1988; Perrewe & Ganster, 1989) , and health (Johnson, Stewart, Hall, Fredlund, & Theorell, 1996; Karasek, Gardell, & Lindell, 1987; Semmer & Frese, 1988) . Glass and colleagues (1977) found that the performance of complex tasks was higher and error rate lower when workers had control over an external stressor (i.e., an aversive noise). Other studies have shown that job control is linked to reduced stress and/or to improved health (Hedge, 1988; Karasek, 1979; Uehata, 1991) . The cumulative effects of psychological stress can lead to serious health problems such as coronary heart disease. Hedge (1988) found that perceived job stress among office workers was highly associated with work-related illnesses such as lethargy, headache, stuffy nose, and dry throat. Using a sample of 12,517 Swedish males, Johnson and colleagues (1996) demonstrated links between low job control and cardiovascular mortality that remained significant even after controlling for such influences as social class, education, smoking, exercise, and age. Moreover, the degree of control a person has over the stressor is thought to partly determine the severity of the stress reaction (Cohen, 1980; Karasek, 1979) . Likewise, lack of control and lack of predictability over events have been linked to reports of stress in people (Singer & Baum, 1983) . Nonetheless, although environmental satisfaction is an important component of the quality of the work environment, stress in the workplace may have greater direct costs to the individual and organization.
ENVIRONMENTAL CONTROL
Environmental control is applied specifically to the physical office work environment and to the knowledge of how to adjust and effectively arrange one's work space. Control of the work environment can have positive effects on worker health and effectiveness. Environmental control was found to contribute directly to workplace satisfaction and performance and indirectly to 620 ENVIRONMENT AND BEHAVIOR / September 2004 these outcomes through mediating user perceptions such as distractions, privacy, stress, and communication (O'Neill, 1994, 1998; O'Neill & Carayon, 1993; Paciuk, 1990; Robertson & O'Neill, 1999; Robertson & Robinson, 1995) . At the individual and group level, prior research also suggests that environmental control over workstation components has a direct relationship to group effectiveness and collaboration as well as contributing to comfort, environmental satisfaction, and other perceptions that are related to health and stress (O'Neill, 1993 (O'Neill, , 1998 O'Neill & Evans, 2000) .
Perceived privacy, one dimension measured in the construct of environmental satisfaction, is also thought to influence psychosomatic stress responses (e.g., Block & Stokes, 1989; Ferguson & Weisman, 1986; Oldham, 1988; O'Neill & Carayon, 1993) . If an individual can exert control over the physical environment and has the knowledge to increase his or her perception of enclosure and privacy, this suggests that environmental control can mediate the stress experienced by office workers. Privacy has also been shown to influence quality of communication (Sundstrom, Herberk, & Brown, 1982) . The level of work space enclosure (as measured by the number of walls or panels enclosing a space) has been linked to satisfaction with privacy and communication. Enclosure can be related to the amount of control one has over the environment (O'Neill, 1993) .
The research model for this study suggests that increased opportunities for environmental control should allow the worker to modify the work environment in response to changing work flow, tasks, and job demands. Thus, the availability of environmental control (through the work environment being adjustable and mobile), coupled with knowledge of how to exercise control (through the training program on how to make adjustments and use the work environment effectively), may support workflow and enhance worker communication and environmental satisfaction and reduce stress. Figure 1 shows a conceptual model of the relationships tested between variables.
RESEARCH MODEL AND HYPOTHESES
The present study has two aims: The authors predicted that with an increase in environmental satisfaction and communication, or with a decrease in stress, environmental control could serve as the mediator by which this improvement occurred. As a result of the training, employees will learn how to effectively use their work spaces, thus increasing their level of environmental control. Subsequently, these trained employees will translate these skills into behavioral changes of rearranging their work space to support collaborative work and different job tasks, thus increasing environmental satisfaction and communication and reducing psychological stress. The following hypotheses were developed:
Hypothesis 5: Environmental control will serve as a mediator between Time 1 (pre) and Time 2 (post) environmental satisfaction. 
METHOD SITES AND WORKPLACE DESIGN FEATURES
Two U.S. companies from the telecommunications and publishing industries participated. The study setting included areas within two office buildings that used panel-or tile-based systems furniture to create the work spaces for the employees. Each company had similar corporate standards regarding the design of the work environment and work-space specifications (e.g., standard system panels and furniture). Desk and keyboard heights were user adjustable by either a hand crack or paddle. Separate privacy screens were provided that were movable and self-supporting. Individual movable and adjustable task lights were also given.
PARTICIPANTS
Eighty-nine office workers participated in this quasi-experimental field study. The research design was a one-group pretest-posttest design, where each participant was matched across both measurement survey periods. These office workers performed similar jobs and used computers extensively. Three job types were represented in each company (administrative, professional, and management). For each job type, a similar number of employees participated. The aggregate percentages of job types for these two companies were 16% administrators, 64% professionals, and 17% managers. The study sample consisted of 53% females and 47% males. Participants used a computer for an average of 85% over a typical 8-hour day when they were at their workstations. On average, the respondents spent 73% of their time at their workstations, with approximately 27% of their time out of the workstation attending meetings or engaging in other work activities.
OFFICE ERGONOMICS TRAINING INTERVENTION
The office ergonomics training was a 1.5-hour interactive workshop given on company time, where the materials were presented in a multimedia format Huang et al. / OFFICE ERGONOMICS TRAINING 623 (e.g., video, PowerPoint slides). There were two cofacilitators who presented the training, and the workshop participants brought their own chairs to the workshop to learn hands-on how to adjust their chairs. Adult learning models and theories were used in the design of the training, including several interactive group exercises and workstation or chair demonstrations.
Design. An instructional design model based on a systems approach was used to design the office ergonomics training. This model includes a fourphase learning process (Gordon, 1994) . Phase 1 was knowledge acquisition, which required clear presentations with illustrative teaching aids and a follow-up knowledge exercise to ensure that the trainees learned the key concepts of the ergonomics risk factors associated with office work and how they should use the workstation design features to minimize these risks. Phase 2 consisted of the integration of knowledge and skills achieved through presenting examples of poor workstation setup, layout, and body postures and through devising improvements. Phase 3 was practicing or rehearsing the newly acquired skills and knowledge in a protected learning environment, such as a mock-up of the workstations with trainees demonstrating how to optimally adjust and configure the workstation to fit them. Phase 4 involved transferring the training to the worksite where the workers would actually make the appropriate work space changes.
The training goals were to (a) understand the risk factors associated with computer work, (b) perform an ergonomics self-evaluation, (c) adjust and rearrange one's own work space for individual and collaborative work, and (d) understand computing habits and know how to change work-rest patterns. Handouts were given to all participants, providing them with ergonomics guidelines and corporate resources. Specific instructional objectives were defined as (a) adjusting the workstation for optimal working posture or postures, (b) adjusting the workstation for proper visual requirements, (c) arranging and configuring work space components for maximum layout and comfort, (d) arranging and configuring work space components to enhance privacy (visual access) and reduce noise and distractions, and (e) organizing work activities to include healthy computing habits.
Develop. Training materials, handouts, visual aids, and a facilitator handbook were developed and prototyped. The training was then piloted. Minor revisions and modifications of the training materials and the instructional sequence were made to meet the training time limit. An introduction to the training was given by a supervisor, and all supervisors attended the training.
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Implement. Individuals who completed the Workplace Environment Questionnaire and signed an Institutional Review Committee (IRC) informed consent form participated in one 2-hour training course. The same two cofacilitators delivered the training at various company sites. Four training sessions were conducted, with an average size of 22 participants.
An ergonomics knowledge exercise was given to each trainee, and he or she was required to correctly answer 80% of the questions before moving to the next phase. Next, a demonstration of the workstation features was given. Then, each trainee practiced adjusting or rearranging the features of his or her workstation while receiving feedback from the instructor. Last, trainees were grouped into small problem-solving teams to evaluate various workstation arrangements and body postures. They were asked to list corrective ergonomics solutions for each workstation setup. All trainees received handouts of office ergonomics guidelines. After training, each trainee, along with the cofacilitators, adjusted his or her own workstation to fit his or her work needs and anthropometrics.
PROCEDURES
An announcement about the study was made by the company managers, and an overview was provided by the researchers explaining what the employees' involvement would be. Study descriptions were made available to the employees along with a timeline of when they could sign up and attend the training program. Informed consent forms were also distributed, as approved by the IRC at the Liberty Mutual Research Center. The Workplace Environment Questionnaire was distributed 1 month prior to the training intervention and again at 2 months following the training.
MEASUREMENT
Workplace Environment Questionnaire. This questionnaire was adapted from previous office environment studies (Brill et al.,1984; Caplan, Cobb, French, Harrison, & Pinneau, 1975; Nadler, 1977; O'Neill, 1998; Robertson & O'Neill, 1999) . These Likert-type questions examined factors pertaining to environmental control, environmental satisfaction, psychological stress, and communication. The scales used to measure these variables are based on earlier factor analyses (Brill et al., 1984; O'Neill, 1998; O'Neill & Carayon, 1993) . Demographic and background questions (e.g., percentage of computer and workstation use) were also included in the survey. A high score for each of the study variables indicates a high level of the construct.
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Environmental satisfaction. Satisfaction with the work space design was measured through 11 items (using a 5-point Likert-type scale), averaged to form an index, including layout (3 questions), storage (4 questions), and privacy and distraction (4 questions). The scale had a Cronbach's alpha score of .87. An example of a layout question was, "I was satisfied with the arrangement of furnishings (work surface, storage, chair, equipment, and computer, etc.) in my work space." For the storage questions, an example was, "There is sufficient storage in my work space." A question to measure privacy and distraction was, "I can have confidential conversations (face-to-face or phone) in my work space."
Psychological stress. Seven questions were used to measure employees' stress. Participants were asked how bothered, worried, frustrated, and tense they felt at work. The internal consistency reliability was .86 for this scale. A sample question for the construct of psychological stress was, "How bothered or upset do you feel at work?" Communication. A one-item scale was used to measure the level of how well the work environment supports collaborative work. Responses were reported on a 5-point Likert-type scale, ranging from 1 = very satisfied to 5 = extremely dissatisfied.
Environmental control. An objective, 20-item checklist, including items such as workstation, privacy screen, file cabinet, task light, and keyboard tray was developed to determine (a) the number of adjustable features within the workstation, (b) the number of features that employees knew how to adjust, and (c) whether they had adjusted the items in the last 3 months. A composite score was then calculated by the formula (b + c) / a to create an index defining the degree of the employees' environmental control within a workstation.
DATA ANALYSIS
Paired-samples t tests were conducted to test the changes following the training using the pre-post scores for the outcome variables of environmental control, workplace satisfaction, communication, and psychological stress. To test the mediating effects, the analytical steps followed were those suggested by Baron and Kenny (1986) . In this study, three regression equations were estimated in each mediating effect between Time 1 (pre) and Time 2 (post) environmental satisfaction, communication, and stress through the Time 2 environmental control variable.
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RESULTS
DESCRIPTIVE STATISTICS AND INTERCORRELATIONS
Descriptive statistics and intercorrelations among the studied variables are described in Table 1 and Table 2 for Time 1 and Time 2, respectively. Environmental control was found to be significantly and positively correlated to environmental satisfaction and communication at Time 1. At Time 2, environmental control was only significantly and positively correlated to environmental satisfaction.
IMPACTS OF THE OFFICE ERGONOMICS TRAINING PROGRAM ON TESTED OUTCOMES
Results of the paired-samples t tests are shown in Table 3 for the outcome variables. Following the training, participants reported a higher level of environmental control (Hypothesis 1; t(82) = -2.03, p < .05). Participants also indicated greater satisfaction with their working environment after the train- 
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MEDIATING EFFECTS OF ENVIRONMENTAL CONTROL
Because this program significantly improved employees' environmental satisfaction and communication levels, the authors further explored whether the level of environmental control after ergonomics training served as the mechanism, or mediator, by which this improvement occurred.
Hypothesis 5 predicted that environmental control mediates the relationship between Time 1 and Time 2 environmental satisfaction. Based on Baron and Kenny's (1986) three-regression four-test procedures for testing mediator effects, the results were (a) Time 1 environmental satisfaction had a significant direct effect on Time 2 environmental control (β = .24, p < .05); (b) Time 1 environmental satisfaction had a significant direct effect on Time 2 environmental satisfaction (β = .23, p < .05); and (c) when regressing Time 2 environmental satisfaction on both Time 1 environmental satisfaction and Time 2 environmental control, environmental control had a significant effect (β = .22 , p < .05) on Time 2 environmental satisfaction, but Time 1 environmental satisfaction did not (see Table 4 The findings of this study supported the hypotheses that there are several positive and significant effects of office ergonomics training on employees' perceptions of environmental control, communication, and environmental satisfaction. After the employees received the training and successfully demonstrated an acceptable level of ergonomics knowledge, it was the case that they were able to transfer this knowledge to their workplaces. These trained employees applied the necessary ergonomics skills to enhance their sense of control over their work environments by rearranging their work spaces to support their tasks and job demands. Workers' satisfaction regarding the work space design increased their ability to effectively use the available workstation features to organize and lay out their work materials efficiently and to arrange flexible storage components to minimize distractions and improve privacy. This relationship between high levels of environmental control and satisfaction is consistent with the results of O'Neill (1992) and Paciuk (1990) .
The lack of a significant difference between the premeasures and postmeasures for psychological stress is contrary to expectations. The measurement of psychological stress, even though the Cronbach's alpha is relatively high, may not be sensitive to measuring the training effects and changes in environmental control. Psychosomatic stress, however, does appear to be sensitive to training and environmental control, as earlier studies have shown 630 ENVIRONMENT AND BEHAVIOR / September 2004 a reduction in stress is associated with an enhancement of control over the organization of work. In turn, control over the organization of work predicted perceived control over the pace of work for knowledge workers (O'Neill, 1998) . Prior research has found other confounding variables that could influence a participant's level of psychological stress, such as job demands, work pressures, and motivation. The lack of control and predictability over events has been linked to reports of stress (Singer & Baum, 1983) . Thus, one might speculate that these factors may have a more powerful influence on one's psychological state, thus negating the positive effects of training and enhanced control over the work environment. To gain more insight into measuring stress and the relationships between psychological and physical stress, training, and workplace design, additional intervention and longitudinal research is needed.
Study Aim 2: Mediating effects of environmental control.
The role of environmental control in mediating the relationship between Time 1 and Time 2 environmental satisfaction was as expected. As hypothesized, the goal of the training was to increase one's knowledge about office ergonomics. This increased knowledge provided the participants with a higher sense of control over the work environment and the ability to optimize the layout of their work environments to support their individual and collaborative tasks. These results suggest that environmental control does influence perceived environmental satisfaction as it mediates the relationship between environmental satisfaction over the two time periods. Similar findings have been observed in earlier studies exploring the effects of environmental control on employee responses (e.g., Paciuk, 1990) .
Environmental control did not mediate the relationship between communication nor the psychological stress between Time 1 and Time 2. Employees reported an increase in satisfaction with the degree to which the environment supported communication with coworkers and the ease of the communication; however, the level of environmental control did not mediate this relationship. Regarding the findings in relation to psychological stress, environmental control does not appear to exert an influence on workers' levels of psychological stress. These results are somewhat consistent with earlier findings, as the degree of environmental control did not directly predict stress (O'Neill & Carayon, 1993) . Additionally, a work space flexibility and ergonomics orientation intervention study revealed no decrease in psychological stress with greater environmental control (O'Neill, 1998) . However, it was Huang et al. / OFFICE ERGONOMICS TRAINING 631 found that an increase in perceived work space enclosure had a direct effect on psychological stress and environmental satisfaction. Furthermore, there was a direct relationship between work space design features and subsequent stress reactions to the environment. Because long-term exposure to stress can lead to coronary heart disease, hypertension, and related mental health problems (e.g., Cooper & Marshall, 1976; Karasek & Theorell, 1990) , more research examining the psychosocial aspects of the work environment and stress appears justifiable.
DESIGN IMPLICATIONS FOR KNOWLEDGE WORKERS
The results demonstrate that office ergonomics training can positively enhance workers'levels of environmental control. The relationships between environmental control as a predictor and a mediator and outcome variables suggest the importance of the role of control for knowledge workers. Leveraging this concept in the work setting allows employees to knowledgeably exert control over their physical environment to support their work tasks and communication needs. Prior studies demonstrated similar results, stating that workplace interventions should not only include ergonomics changes in the workplace design but also incorporate systems-designed training to gain the health and performance benefits of work spaces (Green & Briggs, 1989; Verbeek, 1991) .
In this study, users had control over their work environments by separate, adjustable desk and keyboard heights, task lights, and movable privacy walls. Having these adjustable workstation features, coupled with training, allowed the user to knowledgeably exert changes to their workstation settings to support their various work needs, including the layout and arrangement of the work space. This ergonomic knowledge provided workers with the skills and abilities to engage in behavioral changes as to how they set up their workstation configuration, thus gaining a sense of control over their work environments. Earlier research has shown that merely providing adjustable furniture does not necessarily contribute to a reduction in stress and increase in health. In fact, it was found that individuals who did not receive any ergonomic training in adjustable furniture reported a higher level of work-related musculoskeletal discomfort than did individuals who were working in a similar adjustable workstation who received training (Verbeek, 1991) .
As designers conceptualize the creation of future office environments, providing users with adjustable and movable features, including individual control over the ambient environment (heating, ventilation, air conditioning, and circulation), color, and lighting, will contribute to enhancing the ergonomic design of the work environment. As workers move into these new 632 ENVIRONMENT AND BEHAVIOR / September 2004 environments, it will be necessary also to provide ergonomic training so that the user knows how to use these ergonomic design features effectively. Thus, these ergonomic design features, along with knowledge of how to use them, will support the individual worker capabilities regarding reach envelopes, accessibility, and anthropometrics (body dimensions) considerations.
LIMITATIONS OF CURRENT STUDY AND SUGGESTIONS FOR FUTURE RESEARCH
Although the findings of this study are promising, they should be interpreted with caution because of the limitations in this research. Demographic and personal variables, such as education level and age, were not collected from participants. Thus, the differences for some groups with different backgrounds could not be tested. Because participation in this study was limited to knowledge workers within two companies, the results of the study may not be generalized to the general population. Compared to other cross-sectional research, the strength of this study was its quasi-experimental field design with prematch data and postmatch data. Albeit without control groups, the results may pose a threat to internal and external validity as well as limit the generalizability of the results (Goldstein, 1993) . Future research should replicate this study with a controlled randomized-trial experimental design with longitudinal measures. This would allow for the testing of the stability of the intervention effects.
The results for this study were derived from self-reports of the respondents, possibly introducing problems with participant biases. For instance, some of the study questions were sensitive in nature concerning employees' stress. Participants may not have been willing to answer these questions with complete candor. Future studies could consider including other types of objective indicators, such as work space measurements for layout and number of walls for defining enclosure. The results regarding psychological stress may be interpreted to suggest that the measure used was inadequate and not sensitive to detect changes. Further examination of other measures of psychological stress may need to be considered in future studies. The measurement of physical stress, symptoms, and discomfort should be included, possibly including objective measures of health indicators and functionality.
To further test training effectiveness, other measurements might also be included in future studies. These measurements may include objective behavioral changes, observations of these changes, and organizational performance results. A five-level model of training evaluation, as proposed by Kirkpatrick (1979) and Gordon (1994) , should be adopted that provides a systematic framework of specific measures and time periods designed to be sensitive to training effects. This model was successfully used in investi- Huang et al. / OFFICE ERGONOMICS TRAINING 633 gating training effects for office workers by Robertson and Robinson (1995) and in other occupational settings (e.g., Salas, Dickinson, Converse, & Tannenbaum, 1992) .
Future studies should include interventions that address workplace changes and training together and their collective effects on individual, group, and organizational performance. Also, observations could be made of the work environment prior to and after these types of interventions to link the behavioral outcomes and transfer of training with the workers' perceptions of these changes and how they support collaboration and performance and how they enhance one's well-being and health.
CONCLUSION
The results of this study have practical workplace and training intervention design application and theoretical implications regarding the role of environmental control and employees' behavioral outcomes. The authors believe that the results support the argument for the importance of ergonomics training in providing an increase in employees' knowledge and skill in how to effectively use their work environment. Although the proposed research model was partially confirmed, further intervention studies need to validate the results and to examine the relationship between environmental control, satisfaction, and stress.
